Abstract. It is necessary to increase the capability of engineers to carry out maintenance management for keeping infrastructure safe and serviceable. Many regional training programs have been established to develop engineers into "maintenance experts." While small and medium size construction companies and engineering consultants play an active role in infrastructure maintenance, they have limited human and economic resources for joining the training programs, so the sharing of knowledge acquired from the programs becomes important for improving the capability of the company as a whole. The objective of this research is to investigate how engineers who participated in regional training programs shared their knowledge inside their organization using an online questionnaire survey. It was found that leadership is an important factor for driving knowledge sharing activities, particularly for adapting the knowledge acquired from the training program to the company's environment. However, the lack of experience serves as a barrier to the deeper transfer of knowledge, such as on-the-job training or seminars, as these methods of knowledge sharing require expert knowledge. For organizations to improve their knowledge sharing practices, it is necessary to consider the type of knowledge to be shared and the appropriate method for sharing, along with the improvement of the leadership for knowledge sharing in the organization.
Introduction

Background
Recently, the Japanese infrastructure system has begun to age rapidly, as infrastructure constructed during Japan's economic growth period begins to reach and exceed its design service life. For example, the percentage of bridges over 15 meters in length that have been in service for more than 50 years was around just 9% in 2011, but is expected to grow to more than 50% by 2031 [1] . Consequently, the need for maintenance management is increasing, and investment in technology and maintenance management systems has increased to tackle this situation.
However, it is difficult to sufficiently carry out maintenance management in local areas due to a lack of budget, skills, and human resources. The construction industry, in particular, is being affected by the increase in people retiring, especially workers of the baby-boom generation, who were born between 1947 and 1949, and have reached retirement age starting in 2007 [2] . The retirement problem is additionally compounded by the lack of a means for transferring the skills and know-how from retiring experienced workers. Consequently, maintenance management has to be carried out under these human resources limitations.
Infrastructure Maintenance Training Programs in Japan
To solve the problem of a lack of skills in local governments and construction companies, numerous maintenance manager training programs have been developed in local areas in Japan. One such program in Japan, the Maintenance Expert (ME) training program, was established by the Center for Infrastructure Asset Management Technology and Research at Gifu University in 2008. The trainees participate in a short term, intensive training curriculum for four weeks, which includes design, maintenance management, and infrastructure management. At the end of the program, they take a certification exam to become a "maintenance expert." A typical curriculum of the ME training program is given in Table 1 . Gifu University has conducted the ME training program 14 times since its inception, and has produced more than 300 graduates [3] . Table 1 . A typical curriculum of the ME training program [4] .
Eligible person
Engineers with some experience in disaster mitigation and maintenance management Period 80 classes over 20 days Topics Design of bridges and tunnels, maintenance management for bridges, soils and slopes, earth structures, pavement and river structures, infrastructure management Such "maintenance expert" training is being conducted not only by Gifu University, but also by Yamaguchi University, Ehime University, Niigata University, and the National Institute of Technology Maizuru College. Moreover, other training programs similar to ME are also being conducted in some areas. One example is the Michimori Project, which is run by the Infrastructures Lifetime-Extending Maintenance Research Center at Nagasaki University. The Michimori Project started in 2008 and includes four courses: three are for maintenance engineers, and one is for normal citizens including non-maintenance engineers. The courses for engineers consist of three steps: the first step is inspection, the next is evaluation, and the last one is maintenance management and advanced engineering development. As of 2017, the Michimori Project has produced about 270 graduates [5, 6] .
While participating in these training programs should contribute to the lack of skills in local areas, sharing of the knowledge acquired from the training program by graduates could help improve their organizations' capability to handle maintenance management. However, civil engineering knowledge includes many technical aspects, so it is not easy to fully share this knowledge with other people. To promote the sharing of maintenance management knowledge, efficient and effective methods for knowledge sharing, as well as the conditions conducive to knowledge sharing, should be clarified. This research approached this target by using knowledge management theory to study knowledge transfer and change.
Knowledge Management Theory
Knowledge management is one approach to the management of business administration for achieving organizational objectives by making the best use of knowledge. In this theory, knowledge is divided into two types in terms of the knowledge characteristics. "Explicit" knowledge is objective knowledge that can be expressed by words, figures or formulas, and it can be preserved as a database by computer processing. On the other hand, "tacit" knowledge is subjective knowledge that is based on personal feeling or experience, and it is difficult to transfer to another person by words or language alone [7] .
Maintenance management knowledge includes many different categories of knowledge, such as phenomena of deterioration, inspection technologies, assessment and evaluation, prediction, countermeasures, and total asset management. Some of these knowledge are more explicit, such as manuals for operating inspection equipment and equations for calculating deterioration progress. Other knowledge types are more tacit, such as evaluation of structural quality based on visual inspection and interpretation of inspection results. Therefore, the process for sharing maintenance management knowledge should take into account the unique characteristics of the knowledge types.
The SECI model ( Fig. 1) illustrates the process of changing knowledge or transferring knowledge between people or in an organization. This model was proposed by Nonaka and Takeuchi in 1996 [8] . "Socialization" is a process to transfer tacit knowledge by sharing experience, "Externalization" is a process to change from tacit knowledge to explicit knowledge by externalizing the internalized tacit knowledge, "Combination" is a process to combine various types of explicit knowledge to create new explicit knowledge, and "Internalization" is a process to develop tacit knowledge through experience. In the case of this research, "Externalization" is treated as the planning and conducting of the training program, whereby the expert knowledge of the trainers related to maintenance management is made external so that it can be shared, and the trainees will receive the tacit knowledge of the experts as their own explicit knowledge. After returning to their organization, through "Combination" the program graduates will share the acquired knowledge through reports or informal communication to adapt the acquired knowledge to their specific maintenance management conditions and needs, thus creating explicit organizational knowledge. Then, this explicit knowledge is changed to tacit knowledge by using the acquired knowledge for practicing maintenance management and building experience through "Internalization." Finally, people who have developed tacit knowledge about maintenance management through experience can transfer their tacit knowledge to other people through "Socialization," such as OJT (On the Job Training), or externalize their tacit knowledge to create explicit knowledge through conducting seminars. This conceptual process forms the basis for investigating the sharing of knowledge acquired through the local training programs on maintenance management.
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Research Objectives
This research focused on the knowledge sharing practices of maintenance engineers in small and medium size Japanese construction companies after they participated in infrastructure maintenance training programs. While small and medium size construction companies play an active role in infrastructure maintenance, these companies also have limited human and economic resources for joining the training programs, so the internal sharing of knowledge acquired from the programs becomes important for improving the capability of the companies as a whole. Using the results of a questionnaire survey on how Japanese engineers who participated in training programs shared their knowledge after returning to their organizations, the objective of this research is to clarify the knowledge sharing practices of the maintenance engineers in small and medium size construction companies, and to analyze the factors affecting whether knowledge sharing was carried out. The analysis results are then discussed using knowledge management theory, and key points for improving knowledge sharing are proposed.
Research Method
Data Collection
Data collection for this research was carried out using an online questionnaire survey targeted at engineers who participated in infrastructure maintenance training programs ( Table 2 ). Seven programs cooperated by distributing the survey request to their participants: the ME programs at Gifu University, Yamaguchi University, Ehime University, Niigata University, and National Institute of Technology Maizuru College; the Michimori program at Nagasaki University; and a Regional Development Bureau training program for port facilities. Although the curricula of these programs differ in their contents, scope, etc., they all of these include infrastructure maintenance management, including practical work, so, for the purposes of this survey, it is assumed that the differences in curricula are not significant. With the support of the program administrators, a total of 337 responses were received for a response rate of 42.3%. The questionnaire survey was designed to clarify how trainees shared the knowledge acquired from the training programs within their organization, and contained eight sections covering: (1) program participation, (2) knowledge retention, (3) knowledge sharing methods, (4) sharing environment, (5) improvement of knowledge sharing, (6) organizational characteristics, (7) organizational environment, and (8) respondent characteristics. This research focuses only on (3) knowledge sharing methods, (6) organizational characteristics, (7) organizational environment, and (8) respondent characteristics (Table 3) . 
Total Respondent Distribution and Sample Extraction
The distribution of all respondents by organizational type and scale is shown in Table 4 . Respondents from private organizations comprise roughly 57% of the sample, and represent construction companies, general contractors, and construction consultants. The majority (73%) of private organization respondents are employed by small and medium size companies. In this research, these respondents, as well as those from micro size companies, were extracted for in-depth examination, creating a research sample of 181. 
Survey Results and Preliminary Analysis
The survey results are divided into sample respondent characteristics, organizational environment, and methods for sharing knowledge. Based on these results, a preliminary analysis is then carried out using linear regression to clarify the factors that affect whether each knowledge sharing method was carried out.
Sample Respondent Characteristics
The respondent characteristics (age, gender, education, and maintenance experience) are shown in Table 5 . 40% of the respondents fell between 41 and 50 years of age, and respondents over 40 years of age account for 66%. Nearly the entire sample was male. Respondents who graduated from university with an undergraduate degree accounted for 59% of the sample, and 52% of respondents had five or fewer years of experience with infrastructure maintenance.
Organizational Environment
The respondents evaluated whether six factors representing organizational environment (leadership, framework [a set of rules or strategies to guide decision making and improve organizational performance], number and quality of human resources, economic resources, and information technology environment) were sufficient or insufficient for carrying out knowledge sharing in their organization. The results are shown in Table 6 . A majority of respondents felt that their organization has sufficient "quality of human resources", "economic resources", and "IT environment" for carrying out knowledge sharing, with "IT environment" shown to be the item which most respondents found to be sufficient at 72%. Conversely, "leadership," "framework," and "number of human resources" were felt to be insufficient by a majority of respondents, and "framework" was found to be the least sufficient of the evaluated items, with only 18% of respondents indicating it as sufficient for knowledge sharing in their organization.
Methods for knowledge sharing
The respondents' utilization of methods for knowledge sharing inside their organizations is shown in Table  7 . The most utilized method was "informal communication," which was the only method conducted by a majority of respondents (60%), whereas "seminar" and "OJT" were the least-utilized methods (28% and 20%, respectively). "Report" (41%) was more utilized relative to "seminar" and "OJT," but was still only utilized by a minority of respondents. 
Regression Analysis
To examine the factors affecting the utilization of the knowledge sharing methods, linear regression was conducted using the organizational environment and individual characteristics factors as independent variables. Prior to the regression analysis, Pearson coefficients of correlation were calculated to clarify the relationship between the independent variables (Table 8) . It can be seen that there is a relatively stronger positive correlation between "number of human resources" and "quality of human resources," "leadership" and "framework," and "age" and "years of experience." In addition, "leadership" also correlates somewhat strongly with all other organizational environment factors. Table 9 summarizes the linear regression analysis results for each of the knowledge sharing methods. The "coefficient" indicates the normalized strength of a factor within each model, and the "significance" indicates the probability that the factor's influence is by chance. The null hypothesis -that the influence is by chance -is rejected when the significance is below 0.05, or 5%. For "report," the regression model shows that "leadership," "age," and "maintenance experience" are all significant factors for the utilization of "report" for knowledge sharing, with sufficient "leadership" as the strongest prediction factor. "Leadership" is also a significant and strongest factor for "seminar," for which "maintenance experience" is also significant. For "OJT," the only significant factor was "years of experience," which had a positive relationship with the utilization of "OJT." However, the strength of "leadership" as a predicting factor was the same as that of "years of experience," but it was not found to be significant. Finally, the regression model for "informal communication" shows that "leadership" is the only significant factor for this method, but the lack of a sufficient "framework" is equally strong as "leadership" for predicting the utilization of "informal communication," even though the result is not significant. Individ. char. From this analysis, it was clarified that "leadership" is a commonly shared strong factor across all four knowledge sharing methods, and that "maintenance experience" is a strong factor for "report," "seminar," and "OJT." Both "leadership" and "maintenance experience" are also significant factors for several methods. While both factors play an important part in driving knowledge sharing after participation in training programs, "leadership," as an organizational factor, may be improved through organizational effort and investment in training, education, and so forth, whereas "maintenance experience" can only be increased through actual practice carrying out maintenance of infrastructure. Therefore, in the secondary analysis, the role of leadership and its effect on knowledge sharing will be described and examined in greater detail.
Secondary Analysis on the Effect of Organizational Leadership
Preliminary analysis of the survey results clarified that leadership is an important factor for determining whether respondents shared knowledge acquired from training programs in their organization. The objective of the secondary analysis is to explore how leadership affects knowledge sharing by separating the sample respondents into two groups depending on the leadership for knowledge sharing in their organization, and analyzing the differences in organizational environment and utilization of knowledge sharing methods.
The Role of Leadership in Knowledge Sharing
In this research, leadership in an organization is defined as the establishment of a visual and clear strategy for sharing knowledge. A leader is essential for building leadership in an organization, but a "leader will have to show a willingness to share information and knowledge freely and to seek it from others in the organization" [9] . To improve leadership for knowledge sharing, first a leader should be appointed. The leader will then have to demonstrate a willingness and efficiency to share knowledge within the organization, particularly because there may be resistance to knowledge sharing due to reasons such as a lack of trust. Leadership is not an easy organizational trait to improve, but the value of investing in it may be clarified by examining how knowledge sharing differs between organizations with and without leadership.
Comparison of Organizational Environment and Knowledge Sharing Methods Depending on Leadership
The respondents were divided into two groups depending on whether their organization has sufficient leadership or not for knowledge sharing, and the individual characteristics, organizational environment, and utilization of knowledge sharing methods were compared between the two groups. Based on the results in Table 5 , 72 respondents stated that their organizations had sufficient leadership, compared to 109 respondents who stated that their organization had insufficient leadership. For individual characteristics, there was no notable difference between the two groups. However, a distinct difference can be seen in the environment (Table 10 ) and utilization of knowledge sharing methods (Table 11 ). For the organizational environment, the P-values for all chi-square tests were highly significant, which confirms that all organizational factors have a dependency on leadership. The difference due to leadership was particularly large for "framework," as the sufficiency of "framework" increased by 39% when sufficient leadership was present. This results shows that an organization that has sufficient leadership also has other sufficient organizational environment factors for sharing knowledge, as was previously suggested by the correlation analysis in Table 7 . When examining the effect of leadership on the utilization of knowledge sharing methods, it can be seen that having sufficient leadership leads to an increase in the utilization rate for all methods, and this difference is significant in all cases. The largest increase (27%) due to sufficient leadership can be seen in the case of "seminar." 
Regression Analysis Depending on Leadership
Linear regression analysis was again carried out, but this time to examine how factors other than leadership affect knowledge sharing in environments where leadership is sufficient or insufficient. Table 12 shows the result of regression analysis modeling the utilization of the four knowledge sharing methods for respondents who belong to an organization with sufficient leadership. The factors that have high significance are "number of human resource," "age," and "maintenance experience" for "report," and "framework" for "informal communication." No significant factors could be identified for "seminar" and "OJT." Therefore, when an organization has sufficient leadership, the utilization of "report" and "informal communication" may be affected by the previously-mentioned significant factors. For example, the utilization of "informal communication" should increase in an environment with sufficient leadership but an insufficient "framework" for conducting knowledge sharing. On the other hand, Table 13 shows the result of regression analysis for respondents who belong to an organization with insufficient leadership. "Maintenance experience" is a common strong predicting factor for "seminar" and "OJT," and the significance is high, too, in both cases. The utilization of "OJT" is also very strongly and significantly affected by "framework." While there are few significant results, it can be said that increasing "maintenance experience" is important for conducting knowledge sharing in organizations with insufficient leadership. 
Discussion
Barriers to Knowledge Sharing Based on Knowledge Management Theory
The results of the analysis were applied to the SECI model based on knowledge management theory (Fig. 2) . In this research, externalization that changes the tacit knowledge of the maintenance training program experts to the explicit knowledge of the program graduates is the planning and carrying out of the training program. After taking the training, graduates are between externalization and combination, which is where the internal knowledge sharing process will begin after they return to their organization. Through combination, explicit knowledge is transferred through sharing methods such as report or informal communication inside the organization, because these methods can use words and characters for expressing the knowledge. Next, the graduates and other people who belong to the organization have to study and apply the knowledge acquired by training and shared in practical situation in order to change their maintenance management knowledge from explicit to tacit knowledge. This process is internalization. Finally, people who have become highly skilled can transfer their tacit knowledge directly to others inside organization by OJT, which is a process of socialization, or change it into explicit knowledge through seminar, which is similar to the original process for sharing the expert knowledge by the training programs. The socialization process by OJT is particularly effective for transferring tacit knowledge because the transferor's feelings and experience can be directly shared in this process.
The survey result clarified that report and informal communication -combination processes for transferring explicit knowledge -are relatively more conducted, but OJT and seminar -socialization and externalization processes for transferring tacit knowledge and changing tacit to explicit knowledge, respectively -are less conducted. Moreover, the important factors for sharing knowledge are leadership in report, seminar and informal communication, and years of experience in seminar and OJT. Consequently, it can be said that leadership is important for combination, and studying and building experience (internalization) are important for socialization and externalization. Furthermore, analysis showed that organizations that do not have leadership have very low utilization of seminar and OJT, which are important for the long-term capability of the organization to carry out maintenance management. Therefore, the first barrier to conducting knowledge sharing inside an organization is the leadership capacity. Without that, the knowledge acquired from the training programs cannot be adapted to the organization's situation, making it difficult to proceed to actual practice and experience building. Even in the case of informal communication, this type of knowledge sharing may not provide long-term results for the organization itself, as the sharing of knowledge via informal communication does not preserve the knowledge in a written form, as will be discussed later.
If sufficient leadership is present in the organization, then this creates an environment in which knowledge sharing is encouraged, and people will have the opportunity to put into practice the knowledge transferred to the organization from the training programs through actual maintenance management of infrastructure. In addition, leadership was shown to positively correlate with all other organizational environment factors, suggesting that improving leadership generates other benefits within an organization as well. However, the maintenance experience of the survey respondents is relatively low overall, regardless of leadership, which implies that many people have yet to turn the explicit organizational knowledge into their tacit knowledge. This is the second, and larger, barrier to knowledge sharing, as both experience and leadership are important factors for utilizing OJT and seminars to further transfer or change maintenance management knowledge. Since the level of maintenance experience is relatively low, these two methods are not widely carried out, even in an organization with sufficient leadership. Since leadership does not correlate with maintenance experience, it has to be assumed that outside factors, such as the economic investment for maintenance management, is also playing a powerful role in limiting the ability of the small and medium construction companies to share and develop their maintenance management knowledge.
Implications for Improving Knowledge Sharing
Before suggesting ways to improve knowledge sharing in the organizations, the precise characteristics of the four methods should be clarified, as there may be optimal means to apply each method. The advantages and disadvantages of each method are shown in Table 14 . For knowledge combination, both report and informal communication are easy to conduct, but difficult to transfer tacit knowledge. Furthermore, report is one-way communication but can preserve knowledge on paper or as data, whereas informal communication is twoway communication but does not leave any detailed record of the knowledge itself or its transfer. For socialization and externalization, both seminar and OJT can transfer tacit knowledge and enable two-way communication, but are more difficult to conduct, as they require depth of tacit knowledge, and OJT requires the ability to have access to an actual site for carrying out the training.
The type of knowledge types and the objective of the knowledge sharing should decide the proper method. If the knowledge can be used as explicit knowledge, then report may be the proper method, and informal communication may serve as a supplementary method. In order to better utilize these methods, however, the companies have to improve leadership for sharing knowledge to encourage the utilization of On the other hand, if transfer or change of tacit knowledge is the objective, then seminar and OJT are the proper methods. Seminar is more appropriate when the tacit knowledge acquired needs to be shared with a large group of people, but this will result in the change of tacit to explicit knowledge, so there are some limitations to this method. When the knowledge to be transferred is high level tacit knowledge at the small scale, OJT is the more optimal method. Both seminar and OJT, however, require the engineers who are sharing the knowledge to have a high level of experience and deep tacit knowledge, so building experience from explicit knowledge via internalization is necessary. The survey showed that many companies do not share knowledge by seminar and OJT, which may be due to the lack of opportunities to internalize the explicit knowledge through practice. Therefore, while leadership for improving knowledge sharing is an important first step, building experience through practice is essential to fully develop the knowledge acquired from training programs into the organization's tacit knowledge resources.
Summary
Knowledge sharing can be an important activity for improving the capability of small and medium size construction companies. This survey showed that leadership is an important factor for driving knowledge sharing activities in an organization, particularly for adapting the explicit knowledge from training programs to the organization's environment to create new explicit organization knowledge. It was shown that the next step, building practical experience using the acquired knowledge, is necessary to develop individual tacit knowledge from the explicit organizational knowledge. Since this step is still not frequently carried out, it is a barrier to the changing or transfer of tacit knowledge into other knowledge types, such as by OJT and seminars. Reviewing the utilization of the knowledge sharing methods and their advantages and disadvantages in the context of knowledge management shows that organizations have to choose the proper method for sharing knowledge within their organization, considering the knowledge type and whether knowledge change or transfer, when considering effective knowledge sharing.
